Entropic f(R) Gravity by Teimouri, Ali
ar
X
iv
:1
70
5.
02
04
9v
1 
 [h
ep
-th
]  
4 M
ay
 20
17
Entropic f(R) Gravity
Ali Teimouri∗
Consortium for Fundamental Physics,
Lancaster University, Lancaster,
LA1 4YB, United Kingdom.
In this short paper we follow the entropic gravity approach and demonstrate how f(R) theories
of gravity can be emergent. This is done by introducing an effective gravitational constant which is
naturally arising from the f(R)’s equations of motion.
I. INTRODUCTION
Gravitation is a universal force which interacts with
all particles that carry an energy and thus there is a link
between gravity and thermodynamics. The understand-
ing of this relation is matured in the past decades by
studying the black holes’ thermodynamics. For instance,
Jacobson [1] derived the Einstein’s equations from the
thermodynamics of the near horizon. Another impor-
tant advancement in understanding the relation between
thermodynamics and gravity was achieved by studying
the black holes’ entropy, where Hawking and Bekenstein
[2] have shown that this entropy is proportional to the
area of the event horizon. More recently, and inspired by
the area law, the holographic principle [3] was realised in
the context of AdS/CFT correspondence [4].
Inspired by these developments, there is a new con-
jecture that sees gravity not as a fundamental force but
as an emerging phenomenon. Examples of this approach
can be found in [5, 6]. Particularly, in [5], the gravity is
thought to be an entropic force, where the gravitational
formulation can be derived by obtaining a relation be-
tween temperature and acceleration, and then using the
holographic principle and an equipartition rule relating
the energy to the temperature and the number of degrees
of freedom.
Gravity, as we know it so far from the Einstein’s theory
of general relativity, is fairly successful in predicting the
natural phenomena. One of the most recent phenomenon
was the prediction of the gravitational waves. However,
the limits of general relativity brought the alternative
theories of gravity to existence. Many of these alterna-
tive theories are essentially wide range of modifications to
the original general relativity. From these modifications,
one can mention the f(R) gravity [7], which generalises
the Einstein’s theory of general relativity and was used
most famously by Starobinsky [10], to describe the cos-
mic inflation. There are also many other types of modi-
fied theories of gravity [11], each constructed to explain
different phenomena when the general relativity is not
able to provide an appropriate description. For instance,
one can recall Lovelock, Gauss-Bonnet, higher derivative
gravity [12] and so on.
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Looking at the gravity as an emergent phenomenon,
and deriving the Einstein’s theory of general relativity
from the basic thermodynamics, raises a question about
the modified theories of gravity. Is it possible to de-
rive the modified theories of gravity from the basic laws
of thermodynamics? How can the modified theories of
gravity be emerged from the basic laws and how do these
theories reflect themselves in those basic laws? In this
paper we wish to show how the f(R) gravity can be ob-
tained from the basic principles. We are going to do so
by implementing Verlinde’s approach in [5].
We start by giving a brief review of the entropic gravity
and we then move onto the emergence of the f(R) gravity.
II. ENTROPIC GRAVITY
The existence of the area law in general relativity im-
plies that the space-time is nothing but a perfect storage
for information and that this information can be read off
from the boundary which is defined by the area law. The
information stored on the area is maximal and thus finite.
This is to satisfy the Bekenstein’s entropy bound [13]. In
similar analogy, it can be assumed that the information
is stored on the so called screens. Screens separate points
and therefore one can locate the stored particles in dis-
crete bits on the screen.
Verlinde, [5], argued that it is possible to use the sec-
ond law of thermodynamics and derive the Einstein’s the-
ory of general relativity from the first principle. This had
been done by considering a holographic screen on closed
surface of constant redshift. The assumption is that there
is a associated mass configuration to the screen with total
mass M . The bit density on the screen is then simply:
dN =
dA
G~
, (1)
where N is a number of bits, A = 4pir2 is the surface
area, G is the gravitational constant and ~ is the Planck’s
constant. Given that the total energy of the system is
denoted by E, the temperature can be determined by
the equipartition principle as,
E =
1
2
NkBT, (2)
where kB is the Boltzman’s constant. We can use the
mass-energy equivalence and drop out the constants ap-
2propriately, and thus determine the mass that each bit
carries by simply integrating the mass, which is:
M =
1
2
∫
σ
TdN =
1
4pi
∫
σ
∇ϕdA. (3)
The above equation is known as Gauss’ law for grav-
ity and can be re-expressed in terms of the Komar mass
which is sufficient to derive the Einstein’s equations.
III. f(R) GRAVITY EMERGENCE
f(R) gravity is the generalisation of the Einstein’s the-
ory of general relativity. The action can be written in the
form of [7]:
S =
1
16piG
∫
dx4
√−gf(R) + SM (gµν , ψ), (4)
where f(R) is the function of scalar curvature, R, SM
denotes the matter term with ψ being the matter fields.
The variation of the action with respect to the metric
gives:
f ′(R)Rµν−
1
2
f(R)gµν− [∇µ∇ν−gµν]f ′(R) = 8piGTµν .
(5)
We can re-write above as:
Gµν =
8piG
f ′(R)
(
Tµν + T
(eff)
µν
)
, (6)
where we introduced the effective gravitational coupling
strength as,
Geff ≡ G
f ′(R)
. (7)
Introducing the effective gravitational constant Geff is
equivalent to the requirement that the graviton is not
a ghost. Moreover, T
(eff)
µν is called the effective stress-
energy tensor and can be easily read off from Eq. (5).
A. Newtonian Limit
In this setup, let us consider the weak-field approxi-
mation. The metric describing the gravitational field of
a static distribution of matter is given by,
ds2 = −(1 + 2ϕ)dt2 + (1− 2ϕ)dx¯2, (8)
where dx¯2 = dx2 + dy2 + dz2 and ϕ(r) is the Newto-
nian potential and it is the function of distance r. In
asymptotically flat space-time, the weak-field expression
given above, can be used to approximate the metric in
the asymptotic domain. At far distance from the static
gravitating object we have [8],
ϕ(r) = −GeffM
r
. (9)
Thus, the free-fall acceleration can be obtained by taking
the gradient of the Newtonian potential:
ai = −∇ϕ(r) = −GeffM
r2
ni, (10)
where ni is a unit vector of the external normal to a 2D
sphere σ of radius r. The mass of the object can then be
found via:
M =
1
4piGeff
∫
σ
ainid
2σ. (11)
Again, this is the familiar Gauss law for gravity.
B. Komar mass
It is possible to write Eq. (11) in terms of the Komar
mass by identifying the Killing vector associated to the
metric in Eq. (8), [9],
M =
1
4piGeff
∫
σ
∇νξµdσµν , with: dσµν = n[µuν]d2σ.
(12)
In the above definition of mass, ξµ is the Killing vector
field of a static space-time. Moreover, nα and uα are the
time-like and space-like normals to σ. By using the cyclic
identity for Riemann tensor, and the fact that all Killing
vectors must satisfy
ξα = −Rαβξβ , (13)
and also by using the Stokes’ theorem, one has:
M =
1
4piGeff
∫
∂Σ
∇νξµdσµν = − 1
4piGeff
∫
Σ
Rµνξ
νdσµ.
(14)
Here, Σ is a 3-dimensional volume bounded by holo-
graphic boundary ∂Σ. We shall note that dσµ is pro-
portional to the normal to Σ. It can be clearly seen that
upon expanding the effective gravitational constant and
taking the example of Einstein-Hilbert action, which is
f(R) = R, one recovers the results for general relativity.
C. Emergence of gravity
As we saw from Eq. (1), in order to derive gravity
from entropy one has to start with the bit density on the
holographic screen. In the example of the f(R) gravity
this shall be modified to,
dN =
dA
Geff~
. (15)
Again, the boundary can be thought as a surface where
the information is stored. Upon satisfying the holo-
graphic principle, the maximal storage space (i.e. the
3total number of bits) is proportional to the area, A. It is
now possible to repeat the same procedure to essentially
find the total energy related to the number of bits and
the temperature as in Eq. (2) and then find the asso-
ciated mass in terms of Komar integral and satisfy the
equations of motion.
IV. SUMMARY
In this paper, we have shown that one can obtain the
f(R) theories of gravity by using the entropic analogy of
gravity. This requires introducing an effective gravita-
tional constant in the Newtonian potential. This effec-
tive gravitational constant comes immediately from the
equations of motion. This explains how the modification
of the original theory of general relativity affected the
Newtonian potential.
It is clear that the same approach can be employed
to derive other theories of modified gravity. This is due
to the fact that it is possible to generalise the Komar
integral for higher order terms. However, the quest to
recognise the most appropriate theory of gravity remains
open to study.
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